Here, is the area of the surface considered, and the energies of the relaxed and unrelaxed surfaces, respectively, the number of atoms in the slab and the bulk energy per atom. For stepped surfaces, we have defined a surface atom as that having less than 12 neighbors.
The calculated surface energies are listed in Table S1 . 
S2. Adsorption of HCl on Pt surfaces
Adsorption was only allowed on one of the sides of the slab and the configuration with the lowest energy was chosen. The adsorption energies of the HCl molecules were calculated with respect to the solution as follows:
where − is the energy of the surface covered with the HCl molecules, is the energy of the clean surface, and is the energy of the solvated HCl. This last quantity was calculated using S3 VASP-MGCM (VASP-Multigrid Continuum Model), a continuum solvation model developed in our group. 4 In this case, the generalized Poisson equation is solved by means of a multigrid solver, being the local dielectric permittivity approximated as that of Fattebert and Gygi,
Here, stands for the electronic charge density, 0 is the permittivity of the bulk phase of the solvent (78.5 for water), and 0 and are parameters controlling the shape of . The adopted values for these two parameters, = 1.7, and 0 = 6 • 10 −4 a.u, are the ones that our group has used in all the published studies considering solvation effects.
The adsorption energies of HCl on the Pt surfaces are listed in Table S2 . The largest value for the adsorption energy per HCl molecule is that for the Pt(100) surface. For completeness, we also provide the adsorbate-adsorbate and adsorbate-metal shortest distances in Table S3 . 
S3. Wulff construction
The surface energy, 0 , for a HCl-covered Pt surface at = 0 K is given by
The equilibrium morphology of the nanoparticles (Fig. S2) was obtained through the Wulff construction method, 6 which depends on the relative surface energies (Table S4) 
S4. Ab initio atomistic thermodynamics

S4.1. Theory behind ab initio atomistic thermodynamics
Although DFT methods give a good estimate for a large set of physical quantities, its use is strictly only valid at = 0 K and = 0 atm. A combination of DFT calculations and thermodynamics gives a better result for the value of these properties at different thermodynamic conditions. This approach can be used to compute the different surface energies for a particular arrangement and coverage of adsorbates, at different conditions of temperature and pressure, or concentration (in the case we were dealing with solutions).
In order to understand the effect of concentration of different adsorbed species on the stability and growth of Pt nanoparticle surfaces we employed ab initio atomistic thermodynamics. 8 For this methodology, at constant temperature and pressure, the key magnitude is the Gibbs free energy,
( , ).
If we consider the specific adsorption of HCl on Pt nanoparticles surfaces, the surface energy, , is given by
where ∆ stands for the change of the Gibbs free energy. This term can be written as
Here, 
where − is the energy obtained from DFT calculations for the HCl-covered Pt system, is the system volume, the entropy of the system, and − is the calculated zero-point vibrational energy. The contribution can be neglected for the bulk since its value is very small as S6 compared to the rest of terms. The term was neglected for the surface while for the HCl molecule we have taken the value from ref 9. Going back to eq 6, the second term, ( , ) was directly estimated from the DFT calculated energy, .
For the last term, , we computed it from the HCl chemical potential, . Since we are dealing with a liquid environment, we can replace the pressure, , by the concentration, , of HCl.
with
Here, stands for the number of adsorbed HCl molecules, is the gas constant, equals 298 K and 0 = 1 M. Now, with the estimations for − , , and , and changing the pressure by the concentration in any of these terms, eq 5 can be written as
With eq 11, we can now calculate the different Pt surface energies as a function of HCl concentration for each coverage. S7
S4.2. Linear fitting data
The surface energies, , obtained from the linear fitting are summarized in Table S5 at room temperature for a range of experimentally relevant HCl concentrations. The nanoparticle morphology derived from the Wulff construction shown in the inset of Fig. 2 in the main text was obtained using the surface energies at an experimental HCl percentage in the water phase of the 25% 10 (these data are shown in bold in Table S5 ). (ii) face centers, (iii) edge centers. In this case, the only way to obtain octapods with sharp vertices involves the pitting occurring at the face centers and towards the center of the cube. In this section, we describe the process that results in the formation of octapod-like structures using plane geometry equations.
The first step in our model is to consider a set of tetragonal pyramids, whose faces are made of {ℎ } planes, that intersect each of the faces of a cube with side length a (see Fig. S3 ).
Fig. S3
Concave structures exhibiting {ℎ } planes can be viewed as the intersection between a cube and a tetragonal pyramid made of {ℎ } planes that is inserted into each {100} cube face.
In order to obtain the total surface area we consider a parameter that controls the depth at which the tetragonal pyramid is excavated out in each {100} plane. As shown in Fig. S4 , where we focus on the (100) face of the cube ( − plane), is measured from the edge of each face and then, S10 there exist two different situations: (i) − /2 < ≤ 0 and (ii) 0 ≤ ≤ /2. When = /2, the resulting structure is an octapod (Fig. S4 d) . 
S11
The surface area of our concave nanoparticle can be calculated from surface integrals. If we have a surface defined by an equation ( , , ) = , with being a constant, and is the projection of onto a closed and bounded plane, then,
where ∇ is the gradient of , ⃗ is a unit vector perpendicular to , and is a differential of area on . If we focus on the (100) plane ( ⃗ = (1,0,0) ), the equations for the four {ℎ } planes shown in red in Fig. S4 are given by This result is independent of and and, then, we can pull it out from the integral in eq 12. If we call ′ the portion in the (100) plane such that > 0, > 0, > 0 with > , and we consider the symmetry of the nanoparticles, the surface area, ℎ , of the exposed {ℎ } planes can be calculated In the following, we calculate ℎ for < 0 and > 0.
 Case 1: − / ≤ ≤
In this case, ′ is defined as
For clarity we also show this region in Fig. S5 a.
Fig. S5
Integration region ′ for < 0 (a) and > 0 (b).
S13
The surface area of ′, called ′, is calculated straightforwardly
Then, using eq 15 we calculate ℎ as
Here, 100 is computed using eq 16.
 Case 2: ≤ ≤ /
The region ′ is now defined as (see also The second and third term correspond to the blue and white triangles shown in Fig. S5 b, respectively. The surface area ′ can be calculated as for the previous case ( < 0), but now we need to subtract the area of both triangles. The base and height of the blue triangle are equal to , whereas for the white triangle they equal and = /(ℎ − ), respectively. Then,
S14
For 100 , in the case > 0, we can not use ′ as defined in eq 22 as, here, we should not consider the area of the white triangle. Then,
As done before, we just need to consider the symmetric shape of the nanoparticle using eq 15 to
Due to the fact that both eqs 20 and 24 are equal except for the last term in eq 24, we can introduce a Heaviside step function, ( ) and write ℎ ( ) as follows
where ( ) is given by In order to compute the surface-area-to-volume ratio we have calculated the volume, , of the nanoparticle as a function of . In this case, also has a different functional form depending on the sign of . We do not provide here the whole set of equations used to compute but just give its final functional form.
When = 0 both eqs 27 and 28 yield the same value =0 = 3 (1 − /2ℎ).
S16
Another result to point out is that we cannot have octapods for any combination of the Miller indices such that ℎ > and = . This result can be easily obtained if we look at eq 13 for any of the planes and we set = /2. In this case, there should exist some thickness, 0 , in the -axis at the point where the four planes intersect each other (at = 0 and = 0, see Fig 
S6.2. Relationship of with the HCl concentration
The parameter is a function of the concentration of HCl. The concentration at which the nanoparticles adopt the different shapes can be determined experimentally from TEM measurements and then one can assess the functional form of ( ). In the case of depending linearly on :
where 1 stands for the concentration at which nanocubes are formed, while 2 corresponds to the value at which octapods are observed. At = ( 2 + 1 )/2 the situation is that shown in Fig. S4 b ( = 0). For eq 30 to be true, the side length of the nanoparticle should be equal to during the etching process. The parameter can also depend on as a power law ( ) ∝ ( − 1 ) with > 1 or ( ) ∝ ( / 1 ) − with > 1. Then, once the dependence ( ) is determined, one just need to enter a value for in eq 30 in the range [ 1 , 2 ] to calculate and then the total nanoparticle exposed surface and volume would be obtained through eqs 17, 23, 25, 27 and 28.
